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Abstract 
Polydimethylsiloxane (PDMS) based microdevices have bought revolutionary change in the chemical analysis. Suitable 
mechanical properties of PDMS make it amenable for soft lithography and certain optical properties like transparency in Near 
InfraRed (NIR) make it a yet unexplored option for use as a window material in Fourier Transform InfraRed (FTIR) 
Spectrometers. We investigate the utility of PDMS as a transmittance cell kit in FTIR Spectrometer replacing the CaF2 
windows. To prove the utility of PDMS as a window material in the NIR region, Samples of Extra Virgin Olive Oil (EVOO) 
were analysed with the PDMS cell kit and the results were compared with the spectral analysis on same samples with a CaF2 kit 
and it was found that the performance of the PDMS kit is comparable to that of CaF2 cell kit. This opens up multiple 
opportunities for enabling low cost and rapid liquid sample analyses using PDMS based microfluidic devices directly as 
window material in an FTIR spectrometer. 
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the organizing and review committee of IConDM 2013. 
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1. Introduction 
Various methods are used in analytical chemistry for the qualitative as well as quantitative analysis of chemical 
species. Spectrometric techniques which involve the emission or absorption of electromagnetic radiation over a 
range of wavelengths are widely used for enabling qualitative as well as quantitative analysis. Infrared 
spectroscopy in turn, is the study of interaction of infrared light with matter [1]. The basis for infrared spectrometry 
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is that molecular absorption of infrared radiation causes vibration of the chemical bonds and the resultant spectrum 
can be used to identify a chemical species. Different chemical species leave characteristic signature on the 
spectrum because of their unique vibration pattern, which in turn can be used for the qualitative and quantitative 
analysis [2-4]. While the near infrared radiation causes the sample to vibrate at higher energies compared to the 
mid infrared region [5] the absorbencies are 10-100 times weaker than the mid infrared absorbencies, necessitating 
the use of highly sensitive spectrometers. 
1.1. Fourier Transform Infrared Spectroscopy 
Fourier Transform InfraRed (FTIR) spectroscopy uses a Fourier Transform to convert raw data produced by the 
spectrometer in to a spectrum which is generally a plot of the absorbance or % transmittance of the sample versus 
the wave number. FTIR spectroscopy has proven to be a versatile tool in analytical chemistry for quantitative and 
qualitative assessment of known and unknown chemical species. Many studies on the applications of FTIR 
spectroscopy have been reported in the literature. Traditionally, FTIR spectrometers have been Mid IR 
spectrometers, but more recently NIR spectrometers have been widely used for analysis. The published literature 
carry wide ranging information on different analyses carried out, particularly in the food processing industry as 
well as biological sample analysis. 
In analyzing the olive oil liquid samples, mostly approaches exist to enable classification of origin of the 
sample, authentication of the sample as well as locating the adulterants in the sample. With the combination of NIR 
spectrometry and chemo metric data characterization methods, accurate estimation of the fatty acid and moisture 
content of the olive oil specimen can be achieved [6-10]. Overall, NIR spectroscopy has proven to be a very rapid 
and cost effective method in the Olive oil industry for qualitative and quantitative analysis and further a PDMS 
based micro device would certainly help in reducing the overall time and  cost of analysis. 
On the other hand, MIR spectroscopy is being increasingly used in biological sample analysis, particularly to 
understand cell proliferation by analyzing cell growth medium, which are being currently carried out in our group. 
In order to provide consistent results, some modifications of the current FTIR transmittance cell kit accessories are 
necessary, which could be enabled by a PDMS based micro device. Published work in PDMS based Bio MEMS 
devices have been studied and it is concluded that fabricating a PDMS device could enable a low cost and rapid 
micro volume analysis in a FTIR spectrometer. However, to the best of our knowledge IR transmittance of PDMS 
and the effectiveness of PDMS as an IR analysis window in an FTIR set up have not been studied yet. The 
motivation for the current work is derived from the potential applications of a PDMS based micro device to replace 
the transmittance cell kits made from alkaline halides. This could bring a drastic reduction in the cost of the 
accessories as well as speed up the spectrometric analyses. 
2. Design Constraints for Alternative Cell Kit 
Two sets of constraints that have to be considered are a) Constraints introduced by the choice of the material for 
the alternate cell kit and b) Constraints introduced by the instrument. The first set of constraints are introduced 
because of the choice of a material which needs to have multiple attributes like being transparent in the IR range, 
amenable to rapid prototyping and mass production and less expensive when compared to the existing alkaline 
halide cell window. The second set of constraints is introduced because of the equipment specifications of the 
FTIR spectrometer in which the window is to be used. Experiments were done on a Spectrum DX FTIR machine, 
using PDMS slabs of different thicknesses and at different distances from the infrared emitter. The results are 
shown in figure 1. It can be seen that the transmittance decreases either as PDMS thickness increases or as the 
distance from the emitter increases. This has also been corroborated with the fact that the same situation prevails 
even in case of the regular CaF2 window. 
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Fig. 1. (a) Effect of Distance from the emitter; (b) Effect of thickness of the cell kit. 
2.1. Desing and Fabriction of the PDMS Cell Kit 
From the design constraints established, a design of the PDMS micro device based cell kit has been proposed as 
shown in figure 2a.  The dimensions have been designed keeping in mind the constraints introduced by the cell 
holder fixture which assembles the CaF2 windows. The micro reser  
fluid transfer in the original transmittance cell kit fixture in order to enable smooth transport of the designated 
analyte into the micro channel. Subsequently a mask was designed and fabricated from which a SU8 mould was 
produced. Using the SU8 mould on silicon, soft lithography process as shown in figure 2b [11] was used to 
produce the PDMS window kit shown in figure 4. 
 
Fig. 2. (a) Proposed design of PDMS Cell window kit; (b) Soft Lithography Process [11]; (c) Fabricated cell kit. 
2.2. PDMS Bonding 
Partial curing or uncured PDMS adhesive is preferred over Oxygen plasma or Corona discharge methods as the 
average bonding strength achieved is higher [12]. In partial curing the PDMS is pre-cured for 35 min at 60º C 
before bonding and left overnight is the oven after bonding. In uncured PDMS adhesive bonding, the PDMS 
overflow in to the channels. The device is bonded and left for curing in an oven maintained at 60º C for 8 hours. 
The suggested set up of the current device is shown in figure 2 (c). The PDMS cell kit windows fit snugly in to the 
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current demountable cell holder. The Cell kit will have insertions for the fluidic reservoirs to receive fluid from the 
cell assembly kit and the syringe assembly. 
2.3. Performance Characterization of the Device 
In order to understand the performance of PDMS kit vis a vis a CaF2 kit, experiments with a sample of 
DeIonized Water (DIW) with a 100 μm spacer in CaF2 kit and the DIW sample with 120 μm spacer in device (the 
final bonded device has a channel of 120 μm) were conducted in FTIR spectrometer and the results compared in 
figure 3.  
Fig. 3. (a) PDMS CaF2 comparison on DIW in NIR; (b) CaF2 spectrum of DIW in MIR, Insert shows NIST spectrum of DIW [13]. 
While the experiments show good correspondence between the PDMS and CaF2 kit in the NIR region, the MIR 
from CaF2 kit have been compared with the water spectra from NIST [13]. As NIST only provides spectra in the 
MIR region, the results from CaF2 Kit have been normalized in the region of 4000 cm-1 to 1000 cm-1 in order to 
enable a comparison. The results show an absorbance peak in the region of 3000 cm-1  to 3500 cm-1 where the O-
H group of water has fundamental vibrations. Hence it can be concluded that there is excellent agreement in the 
NIR for both the kits while the results in MIR for the PDMS kit were noisy. Our group is working on reducing the 
noise of PDMS in the MIR region by either chemical alteration or mechanical treatment for Biofluidics, in this 
paper work on Extra Virgin Olive Oil in the Near Infra Red region is presented. 
3. Experiments, Results and Discussion 
3.1. The experiment procedure can be summarized as follows 
Two pairs (with thickness 4 mm and 2mm each) of PDMS of are fabricated in dimensions of the existing cell kit 
and named (2X4 and 2X2) kit. Spacers of 100 μm, 190 μm, 400 μm 1000 μm and 2850 μm are arranged. The 
sample, Extra Virgin Olive Oil (EVOO) is loaded on a CaF2 kit and its characteristic peaks are explored. The 
EVOO sample is loaded on 2X4and 2X2 PDMS kits and then subjected to characterization. A comparative 
analysis is done on the performance on both the PDMS Kits in the NIR and also in comparison with the CaF2 kit. 
and 2850μm. A 1000μm PDMS spacer was fabricated for the exclusive use in this work. The original optical 
layout of the device is maintained as in the previous experiments. The PDMS slabs are mounted in place of the 
original CaF2 slabs in cell kit holder. Extra Virgin Olive Oil (EVOO), is non-aqueous, has high fatty acid 
concentration, is stable at room temperature and is easy to handle. EVOO was commercially procured and was 
stored in room temperature in a cool and dry place away from direct sunlight for experiments. 
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3.2.  Experiments with the CaF2 kit 
A sample of EVOO was placed in a 190μm spacer and was characterized using a CaF2 cell kit. The scans were 
done in NIR (7800-4500 cm-1). 8 scans were run for each trial with a resolution of 4 cm-1. 3 runs each with the 
same specification were conducted to confirm the peaks. The peaks introduced by the fatty acid functional groups 
can be noted at 7185 cm-1,7078 cm-1 which are CH3 second overtone and 5793 cm-1 and 5678 cm-1 which are CH2 
1st overtone. The peaks introduced (figure 4) by EVOO at 5793 cm-1 (EVOO-1), 5678 cm-1 (EVOO-2), 7078 cm-1 
(EVOO-3), 7185 cm-1 (EVOO-4) are generic with any fatty 
acid family and the presence of these groups can indicate 
any vegetable oil specimen. Specialized data post 
processing steps like PLS are existent to understand the 
specific oil group. However, in this case, as the sample is 
already known, the peaks can be used as reliable data.  The 
results have been compared with literature (insert in the 
figure 4). The results show good conformance with the 
literature for the peaks labeled 1, 2, 3 & 4. 
Figure 4: NIR Spectra of Olive oil in a CaF2 kit (insert shows the spectra 
from [14]) 
3.3. Experiments with PDMS 2X4 kit at 190 μm 
In order to understand the performance of the PDMS kit, a 2X4 kit with a sample thickness of 190μm was used 
to explore the effects of PDMS on the NIR spectra of EVOO. The spectra of EVOO in 2X4 kit and CaF2 kit is 
compared in figure 5. Due to the inherent absorbance characteristics of PDMS in the NIR region in the 5900 cm-1 
to 5500 cm-1 region, these peaks have a tendency to mask the peaks of CH2 1st overtone of EVOO. Hence although 
a close correspondence can be noticed at 5793 cm-1 and 5678 cm-1 wave numbers by EVOO both in the 2X4 kit 
and CaF2 kit, the interference produced by the PDMS -1 to 5500 cm-1 
at 5870 cm-1 with 1.23 AU.  
Figure 5: NIR Spectra of Olive oil compared with CaF2 kit (a) 4mm PDMS with 190μm spacer; (a) 2mm PDMS with 2850μm spacer 
In order to further corroborate this concept, 2X2 kit with 2850 μm sample thickness was compared with CaF2 
Kit 190 μm sample. The results are shown in Figure 5 (b). It can be seen the closest correspondence to the results 
of EVOO peaks is obtained by a 2*4-2850 μm PDMS kit (figure 5.10-5.11). The concept of CVR can be extended 
in a 2*4 PDMS kit with a higher spacer size to obtain the same results as obtained in the 2*2 kit. 
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4. Summary 
It can be concluded from the above results that a proof of concept for using PDMS in the NIR region for the 
detection of desired liquid state analyte can be established. Hence PDMS proves to be a suitable substitute for 
CaF2 kit in the NIR region. These experiments could be extended to any analyte which has its characteristic peaks 
expressed in the NIR region. Once a suitable CVR is established, the PDMS kit can be used in lieu of the existing 
CaF2 kit. 
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